www.scielo.br/jaos http://dx.doi.org/10.1590/1678-775720130585 R oot canal anatomical complexities, such as isthmus, may limit the action of the endodontic instruments, irrigant solutions and intracanal medications, leading to endodontic treatment failure. Objectives: This in vitro study assessed the type, position and incidence of isthmus in human permanent molars. Material and Methods: One hundred DQG WZHQW\ HLJKW XSSHU DQG ORZHU ¿UVW DQG VHFRQG SHUPDQHQW PRODUV ZHUH DQDO\]HG 7KH roots were embedded in transparent resin, and then split at different distances from the apex (1.0-2.5-4.0-5.5-7.0 mm). Following the sample examination in stereomicroscope, WKH GDWD ZHUH VXEPLWWHG WR FKLVTXDUH VWDWLVWLFDO WHVW DW D VLJQL¿FDQFH OHYHO 5HVXOWV The highest isthmus incidence was at 7.0 mm from the root apex in all samples, except the distal root of lower molars (at 5.5 mm). In upper and lower molars, type V (complete isthmus with a continuous opening between the two main root canals) was the most FRPPRQ FODVVL¿FDWLRQ RI LVWKPXV ,Q WKH PHVLDO URRW RI ¿UVW DQG VHFRQG PDQGLEXODU molars, type IV had the highest incidence (36% and 23.9%, respectively). Conclusion: It ZDV FRQFOXGHG WKDW LVWKPXV ZDV ZLGHO\ IRXQG LQ ÀDW URRWV ZLWK D ORZ SHUFHQWDJH LQ DUHDV close to the apex. In upper and lower molars, these structures were most frequently found at 7 mm from the apex.
INTRODUCTION
Conventional root canal therapy addresses the entire root canal system with predictable successful clinical results. However, anatomical complexities limit the action of the instruments, irrigant substances and intracanal medications. Not properly cleaned canals are associated with periapical inflammatory responses and bone destruction, indicating in some cases, a need for periapical surgery to remove the lesion and the contaminated area of the apex 4 . One of the main anatomical complexities in molars is the area of isthmus, which can act as a reservoir for organic matter and microorganisms 6 . Frequently they are QRW ¿OOHG HPSKDVL]LQJ WKH GLI¿FXOW\ RI RUWKRJUDGH LQVWUXPHQWDWLRQ DQG URRW ¿OOLQJ RI FDQDO LVWKPXVHV 24 . $Q LVWKPXV LV GH¿QHG DV D QDUURZ DQDWRPLFDO part or passage connecting two larger structures or cavities, which can be considered it as a lateral connection between canals of the same root 15 , or FODVVL¿HG DV DQ DQDVWKRPRVLV 22 . Isthmus can also be FODVVL¿HG DV FRPSOHWH RU SDUWLDO LH D FRQWLQXRXV connection between two main root canals is considered a complete isthmus, while an incomplete communication with one or more patent openings
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through the section between the two main canals LV FODVVL¿HG DV SDUWLDO LVWKPXV 25 . ,VWKPXV KDV EHHQ FODVVL¿HG LQWR ¿YH FDWHJRULHV according to particular features 11 as follows: type I comprised roots with either two or three canals without visible communication; type II comprised roots with two canals with a visible connection between the two main canals; type III differs from type II due to the presence of a canal between the two main canals -incomplete C-shaped canals with WKUHH FDQDOV ZHUH DOVR LQFOXGHG LQ WKLV FODVVL¿FDWLRQ W\SH ,9 ZDV GH¿QHG DV DQ H[WHQVLRQ IURP WKH FDQDOV to the isthmus area; and type V was recognized as a real connection or corridor throughout the section. Types I and III were the most frequently IRXQG LVWKPXVHV LQ PHVLDOEXFFDO URRWV RI ¿UVW upper molars (37.5 and 31.2%, respectively) in a previous report 26 . Any root possessing a compressed form or presenting more than one canal has the potential to contain an isthmus. It has been reported that there is a high incidence of isthmus in the mesial-buccal URRW RI WKH XSSHU ¿UVW PRODUV DQG LQ WKH PHVLDO URRW RI ORZHU ¿UVW PRODUV SDUWLFXODUO\ DW PP IURP the apex 21 . Isthmus has been found in 30.1% of WKH PHVLDOEXFFDO URRWV RI ¿UVW DQG VHFRQG XSSHU molars and in 60.2% and 14.8% of the mesial and GLVWDO URRWV UHVSHFWLYHO\ RI ¿UVW DQG VHFRQG ORZHU molars 2 . It has also been detected in 76% of the PD[LOODU\ ¿UVW PRODUV UHVHFWHG IURP PHVLDOEXFFDO roots and in 83% of the mesial roots of mandibular ¿UVW PRODUV
24
. The incidence of different types of isthmus might vary in different populations, and studies around the world are necessary. Therefore, the aim of this study was to determine the type, position and incidence of isthmus in upper and lower human molars.
MATERIAL AND METHODS
This research was approved by the local research ethics committee of the Piracicaba Dental School, State University of Campinas (UNICAMP), Piracicaba, SP, Brazil.
The methods used in the present report have previously been described by Teixeira, et were processed automatically (Gendex GXP Dental X-ray Processor, KaVo Dental GmbH, Biberach, Germany). The radiographs were examined on a conventional illuminated X-ray viewer with the aid of a magnifying glass in order to record information related to the number and morphology of the root canals.
Furthermore, macroscopic data of the tooth, such as length, root length, crown length, presence or absence of root fusion, root shape (conical, ÀDWWHQHG URRW GLUHFWLRQ SRVLWLRQ RI WKH DSLFDO IRUDPHQ DPRQJ RWKHU ¿QGLQJV ZHUH DOVR UHFRUGHG After that, the teeth were sectioned at the enamel-cementum junction by using an ultra-thin separating disk. Only the segments containing the whole roots were used in this study.
Each sectioned root was embedded in clear resin (Crystal, São Paulo, SP, Brazil). Using the root apex DV D UHIHUHQFH ¿YH VHULDO KRUL]RQWDO VHFWLRQV ZHUH made perpendicular to the root long axis. These sections were 1.0 mm thick and performed with a low-speed diamond saw (South Bay Technology Inc., DW 114122, 323190117, San Clement, CA, USA). The sectioning started at 1 mm from the apex with intervals of 1.5 mm between them. Considering that the disc was 1 mm thick, the cuts were made 1.0-2.5-4.0-5.5-7.0 mm distant from the apex.
Each section was stored in 2.5% sodium hypochlorite for 24 hours in order to remove any organic material remaining inside the root canals. All specimens were examined under a stereomicroscope (Lambda Let 2, ATTO Instruments &R +RQJ .RQJ &KLQD DW [ PDJQL¿FDWLRQ WR ensure that all organic materials were removed. Each slice was rinsed in water during 24 h and then air-dried. Only the apical side of each slice was HYDOXDWHG :KHQ WKH ¿YH OHYHOV RI WKH VHFWLRQV ZHUH considered, a total of 190 samples were obtained from each mesial-buccal, distal-buccal and palatine URRW RI XSSHU ¿UVW PRODUV 7KH WRWDO QXPEHU RI slices for each root of upper second molars was 170. With regard to the lower molars, 150 slices ZHUH DQDO\]HG LQ HDFK URRW RI ¿UVW PRODUV ZKHUHDV 130 slices were obtained from each root of second molars.
The resected surface was stained with 2% methylene blue dye (The Coleman & Bell Co., Norwood, OH, USA) during 60 seconds and (1997) . Data were statistically analyzed by using SPSS 10.0 for Windows before being submitted to chi-square statistical test or Fisher's exact test, both at 5% VLJQL¿FDQFH OHYHO /LQHDU UHJUHVVLRQ DQDO\VLV ZDV performed in order to predict a relationship between location and isthmus incidence. Tables 3 and 4 present the isthmus distributions DFFRUGLQJ WR WKH VSOLW OHYHOV LQ XSSHU DQG ORZHU ¿UVW and second molars. The highest isthmus incidence occurred at 7.0 mm from the root apex, except for WKH GLVWDO URRWV RI ORZHU ¿UVW PRODUV DW PP The smallest incidence of isthmus occurred at 1.0 mm from the apex. Nevertheless, it is important to consider the high frequency of isthmus in lower molars involving segments of 2.5 to 5.5 mm from the apex.
RESULTS
Regression analysis suggests that regions more distant from the apex showed higher incidence of isthmus, in the upper and lower molar roots. 
DISCUSSION
The presence of isthmus in roots of human molars has been investigated by both sectioning methods 1, 5, 6, 8, 11, 12, 17, 18, 21, 25, 26 micro-computed tomography 7, 8, 10, 13, 19, 20, 23, 24 and cone beam computed tomography 14 . The methodology used in the present study was based on Teixeira, et al. 21 (2003) . By using the same methods, an agreement was observed between the results of both investigations, i.e., mesial-distal ÀDWWHQHG URRWV SUHVHQWHG KLJK LQFLGHQFH RI WZR canals and high frequency of isthmus. However, the present work involves a deeper analysis of the incidence, position and type of isthmus in both ¿UVW DQG VHFRQG XSSHU DQG ORZHU PRODUV ZKHUHDV previous studies neither analyzed second molars nor compared upper and lower molars, or used smaller number of specimens, or did not classify the type of isthmus 9, 13, 20, 22, 24, 26 . Studies showing the incidence of the anatomical variations and classifying these complexities are a didactic way of educating dental professionals to perform a better clinical practice based on sound principles. The analysis performed here provides a better understanding of the predicted location RI LVWKPXV DQG LPSURYHV WKH FODVVL¿FDWLRQ RI WKH different forms that can be observed in routine clinic procedures. All clinicians must be aware of the complexity of the spaces they are expected to DFFHVV VKDSH FOHDQ DQG ¿OO GXULQJ WKH HQGRGRQWLF treatment, including the isthmus, in order to perform the adequate treatment and consequently to get a higher level of success. Moreover, the presence of isthmus should also be investigated during periradicular surgery as a high frequency of canal isthmuses at the resection level can be found. When detected, the main canals should be joined WR LQFOXGH WKH LVWKPXV FOHDQHG DQG ¿OOHG WR HQVXUH predictable periapical healing 24 . In the present work, a high amount of isthmus was found in mesial-buccal roots of upper molars at 2.5 to 7.0 mm from the apex, which is in accordance with previous reports 6, 20, 26 . Lower molars showed a high incidence of isthmus, especially at 7 mm from the apex, while the highest prevalence of isthmus has been reported at 3 mm from the apex in the PHVLDO URRW RI ORZHU ¿UVW PRODUV 13, 24 . However, a micro-computed tomographic analysis has revealed a high prevalence of isthmus (up to 81%) in the apical 6 mm of the mesial root of lower molars 9 . It is important to highlight that these above mentioned studies analyzed samples collected from different geographical locations, which might explain the variation in the results. In the present study, the analyzed extracted teeth were from a teeth bank in Brazil.
The closer to the apex, the lower was the incidence of isthmus observed in the upper and lower roots. Even though there was such a decrease, the percentage of isthmus found, particularly in WKH ORZHU ¿UVW PRODUV ZDV VWLOO KLJK DQG PXVW EH clinically regarded as a complexity that might affect the outcome of the endodontic treatment.
An isthmus is formed when an individual root projection is unable to close itself off, forming a constriction. The approximation of the root projections can fuse completely and form one root with one root canal system, as in the distobuccal root of maxillary molars. Alternately, partial fusion results in the formation of two root canals with an isthmus formed in between, such as the mesial root RI WKH PDQGLEXODU ¿UVW PRODU 1R IXVLRQ OHDGV WR D large ribbon shaped canal that contains an isthmus throughout the entire root, which is a common ¿QGLQJ LQ WKH GLVWDO URRW RI WKH PDQGLEXODU ¿UVW molars and maxillary second premolars 11 . The continuous deposition of dentine by odontoblasts throughout life accounts for the smaller areas of pulp found in older individuals. It might also be responsible for the different type of isthmus, which may explain the different results reported in the current literature. Types I and III have been reported to be the most frequently found LVWKPXVHV LQ PHVLDOEXFFDO URRWV RI ¿UVW XSSHU molars (37.5 and 31.2% respectively) communication between the canals, suggesting that dentin deposition sealed this pathway 11 . However, if a type II had previously been a type V, it could display organic tissues, which might be hard to be eliminated by chemo-mechanical procedures. Also, when type III of isthmus is detected clinically, it can be often negotiated as an extra canal. In the present study its incidence comprised 7.2% to 13.8% in lower molars and 2.5% to 15% in upper molars.
Type IV suggests a partial isthmus with incomplete communication between the two main canals 11 . This is of clinical relevance because special efforts are required in order to clean and seal this area. Type V is a complete isthmus with continuous opening between the two main root canals 9 . In fact, this type is the "real isthmus", presenting pulp tissues and demanding meticulously debridement and sealing. The continuous deposition of dentin even after tooth formation might keep organic WLVVXHV LQVLGH XQ¿OOHG DUHDV 7KHVH WLVVXHV DUH substrate for microorganisms that colonize areas usually difficult to be reached by endodontic instruments and antimicrobial substances, leading to failure of the root canal treatment/retreatment or even of the periapical surgery if the clinicians fail to remove them.
As the highest incidence of isthmus was found 2.5 to 7.0 mm from the apex, cautious preparation of the cervical and middle third of canals must be performed not only to remove infected tissues, but also to reduce interferences and provide better access to the apical third.
Canal isthmuses are often unnoticed and, when ORFDWHG DUH GLI¿FXOW WR EH SUHSDUHG Pendulum movements of the instruments combined with antimicrobial substances and a copious irrigation optimized with ultrasound are procedures employed in the endodontic treatment of roots with isthmus to improve the disinfection of the area 11 . Nowadays, the use of clinical microscopy for root canal treatment allows a higher detection of extra root canals 5 and also enables proper visualization and cleaning of the isthmus, increasing the quality and success rates of the endodontic treatment 3 . Moreover, digital radiography, including advanced imaging techniques such as computed tomography (CT), micro-CT and cone beam volumetric imaging, provides three-dimensional information for either research or routine endodontic and surgical treatment planning without damaging the sample. Bringing it all together, a successful treatment is more expected when the experienced clinician has not only adequate armamentarium and technology but also a comprehensive knowledge of the root canal anatomy to guide both nonsurgical and surgical endodontic therapy 20 .
CONCLUSIONS
It was concluded that isthmus was widely found LQ ÀDW URRWV ZLWK D ORZ SHUFHQWDJH LQ DUHDV FORVH to the apex. In upper and lower molars, these structures were most frequently found at 7 mm from the apex.
